The aims of this study were: (i) to elucidate clinicopathological characteristics of pcCHS of long bones (L), limb girdles (LG) and trunk (T) in Japan; (ii) to investigate predictive pathological findings for outcome of pcCHS of L, LG and T, objectively; and (iii) to elucidate a discrepancy of grade between biopsy and resected specimens. Clinicopathological profiles of 174 pcCHS (79 male, 95 female), of L, LG, and T were retrieved. For each case, a numerical score was given to 18 pathological findings. The average age was 50.5 years (15-80 years). Frequently involved sites were femur, humerus, pelvis and rib. The 5-year and 10-year disease-specific survival (DSS) rates [follow-up: 1-258 months (average 65.5)] were 87.0% and 80.4%, respectively. By Cox hazards analysis on pathological findings, age, sex and location, histologically higher grade and older age were unfavorable predictors, and calcification was a favorable predictor in DSS. The histological grade of resected specimen was higher than that of biopsy in 37.7% (26/69 cases). In conclusion, higher histological grade and older age were predictors for poor, but calcification was for good prognosis. Because there was a discrepancy in grade between biopsy and resected specimens, comprehensive evaluation is necessary before definitive operation for pcCHS.
findings are objectively significant for patient's prognosis, although histological grade has been thought to be important. [4] [5] [6] [7] [8] [9] [10] In this study, we performed histopathological and prognostic study on 174 pcCHS cases in long bones, limb girdles and trunk. The aims of this study are to demonstrate the clinicopathological features of pcCHS, and to investigate the objective pathological findings affecting the outcome of pcCHS. In addition, we elucidated the difference in grade between biopsy and resected specimens. This study was conducted with the approval of the institutional review board of each institution.
MATERIALS AND METHODS
A total of 174 cases of pcCHS were retrospectively collected from 14 institutions (members of the Kansai Musculoskeletal Oncology Group, Japan). Patients' first presentation was during November 1984-August 2012. For each case, the medical charts, including radiographs were reviewed. The clinical data (gender, age, localization, method of treatment and follow-up data) and all pathological glass slides were retrieved.
Histological review
All histological slides of each case, obtained at the definitive surgery, were reviewed. For the most representative slide, a numerical score was given to each histopathological finding by three investigators (E.K., M.M and Y.N.) with information of age, sex and location. The scoring system of Eefting et al. 2 was modified for this study (Table 1 , Fig. 1a-i ). All pcCHSs were graded, using the histological criteria for grading based on the World Health Organization (WHO) blue book. 12 
Statistical analysis
Statistical analysis was performed with the SPSS Statistics 22 (IBM, Armonk, NY) with the significance level at 0.05 (two-sided, * P < 0.05, ** P < 0.01). ). ‡Trapping normal host bone trabeculae within the neoplastic cartilage (ref.
11
). HPF, high power field (objective lens: x40); NA, Data could not be obtained.
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Predictive factors for outcome of primary central chondrosarcoma
To elucidate the predictive factors for patient's death, we compared the survival curve, estimated by the Kaplan-Meier method, of the patients in each histological grade, and of the patients with different clinicopathological characters, by the log-rank test. Cox proportional hazards analysis was also conducted as multivariate analysis on both histopathological findings and clinical findings including age, sex, and bone location.
Difference in tumor grade between biopsy and operation
We compared the tumor grade between the biopsy and surgically resected specimens on 69 pcCHS of long bones, limb girdles and trunk in which the glass slides of both biopsy and surgery were available for review.
RESULTS

Age, sex, localization and follow-up
All 174 pcCHS cases were Japanese (male: female = 79: 95 
Histological review
The results of the score given to histopathological findings are shown (Table 1) . Of 174 pcCHS cases, 90 (51.7%) were grade 1 (G1), 67 (38.5%) were grade 2 (G2), and 17 (9.8%) were grade 3 (G3).
Treatment
Among the 174 pcCHS cases, curettage was performed on 61 cases, en bloc resection on 104, and irradiation without surgery on 9 ( Table 2) . Radiotherapy was used only for pcCHS of limb girdles or trunk, and heavy particle beam was used on eight cases. PcCHS of the long bones was treated mainly with curettage (58/106 cases, 54.7%), especially G1 tumors (48/71 cases, 67.6%). However, pcCHS of other locations were usually treated with en bloc resection (56/68 cases, 82.4%) and radiotherapy was another choice (9/68 cases, 13.2%). Gade 1 pcCHS was often treated with curettage (49/90 cases, 54.4%), whereas G2 and G3 pcCHS were usually treated with en bloc resection (67/84 cases, 79.8%) ( Table 2 ).
Survival analysis
The 5-year and 10-year disease-specific survival (DSS) rates of 174 pcCHS were 87.0% and 80.4%, respectively (Fig. 3a) .
The 5-year and 10-year DSS rates of each grade were 98.7:95.1% (G1); 84.5:71.7% (G2); and 33.1:33.1% (G3), respectively ( Fig. 3b) . Log-rank test revealed statistical significance within entire three grades (P = 3.72E-09**). The results after Bonferroni correction 13 between G1 and G2 (P = 0.003**), G2 and G3 (P = 0.003**), and G1 and G3 (P = 6.29E-11**) were also significant.
The 5-year and 10-year DSS rates of each location were 95.7:93.0% (long bones); 74.0:54.4% (limb girdles), respectively (Fig. 3c) . The 5-year DSS rate of trunk was 75.1% but data was not available for the 10-year rate (Fig. 3c) . Log-rank test showed statistical significance within entire three locations (P = 4.79E-06**). The results after Bonferroni correction 14 between long bones and limb girdles (P = 7.82E-05**), long bones and trunk (P = 2.62E-04**) were significant, but there was no statistical difference between limb girdles and trunk (P = 0.867). Comparison between long bone and bones of limb girdles and trunk showed the 5-year and 10-year DSS rates to be 95.7:93.0% (long bones) and 73.1:57.7% (limb girdles and trunk), respectively ( Fig. 3d) and statistically different (P = 2.75E-05**).
Predictive factors for outcome of primary central chondrosarcoma
We compared the DSS curve of the patients in each grade, and of the patients with different clinicopathological characteristics, using the log-rank test. The maximum number of nuclei in a cell, nuclear pleomorphism, pale chromatin, mitosis, cellularity, calcification, encasement, entrapment, hyperchromasia, proportion of chondroid and myxoid matrix, treatment, location (including long bones vs limb girdles and trunk), grade, peripheral condensation of tumor cells and sex were significant predictors (P < 0.05*) (Table 3a) .
We performed Cox proportional hazards analysis on the above mentioned clinicopathological features. We excluded treatment from the analysis, because in this study, not only we did not stratify the cases according to the tumor stage (e.g., size, growth pattern, metastasis) 12 that must strongly affect choice of therapy, but there were considerable variations in the surgical procedures among the 14 institutions. In order to improve the quality of statistical model, we excluded nuclear pyknotic change, entrapment, encasement and cortical invasion, because they had missing values ( Table 1) .
As the criteria of histological grade 12 include some pathological features which are used here, we performed a hazard analysis excluding histological grade, at first. However, the analysis could not be completed by SPSS Statistics 22 (data not shown). When analyzed with histological grade, age, grade and calcification were selected for the equation for DSS of pcCHS of long bones, limb girdles and trunk. It was statistically significant (P = 9.01E-11**) and each selected feature was also significant (P < 0.05*) ( Table 4 ). The hazard ratios of age, G1 vs G2, and G1 vs G3 were 1.041, 5.241 and 18.564, respectively, but that of calcification was 0.182. Older age and higher grade were significant predictors for a poor prognosis but the presence of calcification was a significant predictor for favorable prognosis. The result was unchanged even when using two groups (long bones vs limb girdles and trunk) instead of three (long bone, limb girdles, trunk) as the location.
Because the grade was a strong predictor and its criteria include some pathological parameters used here, we elucidated Spearman's rank correlation coefficient between histological grade and each parameter (Table 3b) . Only cellularity had a strong correlation (correlation coefficient > 0.7). Other features, such as the maximum number of nuclei per cell, nuclear pleomorphism, pale chromatin, mitosis, encasement, hyperchromasia, proportion of chondroid or myxoid matrix, and necrosis had only a moderate correlation (0.4 < correlation coefficient ≤ 0.7) (Table 3b) .
Difference in tumor grade between biopsy and operation
Of the 69 cases of pcCHS, the histological grade of operated specimens was higher than that of biopsy specimens in 26 cases (37.7%). The grade did not change in 43 cases (62.3%). Of the 69 cases, entrapment was observed in only 18 cases (26.1%) in biopsy.
DISCUSSION
Chondrosarcoma is the second most common primary sarcoma of the bone 1 and is about 14% of all malignant bone tumors in Japan.
14 It has been difficult to accumulate a high enough number of chondrosarcoma cases to elucidate clinicopathological aspects in Japan because the sarcoma centers are relatively small. We performed a multiinstitutional study and collected 174 cases of pcCHS of long bones, limb girdles and trunk. For this study, we excluded secondary chondrosarcoma because the histological criteria are different. 1, 15 In this study, the age distribution of pcCHS of long bones, limb girdles and trunk showed a peak at after the fifth decade of life as seen in previous reports. 1, 4, 5, 8, 10, [16] [17] [18] Regarding the sex ratio, females showed a mild preponderance (male: female = 79:95), while the previous reports argued conversely. 1, 4, 5, 8, 10, [16] [17] [18] [19] It might be caused by the ethnic variation including hormonal condition, 20 and/or the bias for sample selection, but the true reason is unclear. In this study, the most affected bone was the long bone (60.9%), followed by limb girdles (21.8%) and trunk (17.2%). In systemic distribution, the frequency of long bones, especially the proximal humerus, was higher in the current series than in other series. 1, 4, 5, 9, 10, 21 Recently, curettage has been selected as treatment of G1 chondrosarcoma of long bones. [22] [23] [24] In this study, pcCHS of long bones, especially G1 tumor, was often treated with curettage [all grade: 58/106 case (54.7%), G1: 48/71 case (67.6%)]. Local adjuvant procedures (e.g. liquid nitrogen, ethanol, bone cement) [22] [23] [24] were frequently used together. Although some G2 pcCHS of long bones were treated with curettage, a log-rank analysis of DSS curve between the cases with curettage and with resection failed to reveal a statistical difference (P = 0.164, data not shown). The reason for this might be that the G2 area was very small within the tumor, and/or that the tumor itself was small-sized. For pcCHS of limb girdles and of trunk, or for high-grade (G2 or G3) pcCHS, resection or radiation was usually chosen as in the previous reports. 9, 10, [22] [23] [24] We used the WHO criteria for histological grading, 12 but historically, there have been several systems used. 5, 7, 18, 25, 26 The proportion of grades in this study (G1: G2: G3 = 51.7%: 38.5%: 9.8%) was similar to the previous results (G1: G2: G3 = 27-61%: 30-62%: 3-17%). [4] [5] [6] 8, 9, 16, 18 The DSS rates (G1, G2, G3) were statistically different from each other, as in previous reports. 4, 5, 7, 10, 17 The 5-year and 10-year DSS rates in this study were as follows: 98.7: 95.1% (G1), 84.5: 71.7% (G2), and 33.1: 33.1% (G3). In the previous reports, the 5-year and 10-year survival rates were as follows: 89-96% (G1), 63-90% (G2), and 39-80% (G3); [4] [5] [6] 9, 16 and 77-95% (G1), 58-85% (G2), and 29-50% (G3), respectively. 5, 6, 9, 10, 16 The outcome of chondrosarcoma had remained basically unchanged for the latest three decades. 8 It might be difficult to improve the outcome strikingly, as long as surgery is the first choice of therapy.
By the hazards analysis, we extracted significant predictive factors for pcCHS of long bones, limb girdles and trunk: age, grade, and calcification. Grade has been regarded as an important predictive factor in many studies, [4] [5] [6] [7] [8] [9] [10] as in this study, but not in others. 27 As is well known, the criteria of the grade contains some histological features, such as cellularity, nuclear atypia, mitoses, etc. 5, 7, 12, 18, 25, 26 In this study, grade has a correlation with some histological parameters, as shown above, but the hazard analysis except grade was not completed by SPSS Statistics 22. The selected histological parameter in the hazard analysis with grade was only calcification that showed only a weak correlation (correlation coefficient ≤ 0.4) with grade. It might mean that histological grade is comprehensive and overriding histological parameter for prognosis.
Presence of calcification was a salient predictive factor for favorable prognosis but older age was a predictive factor for worse prognosis. Dense map-like calcification is regarded as a feature of enchondroma. 28 Even in pcCHS, the presence of microscopic calcification will have a strong value for favorable outcome. The above three features were significant predictors for outcome, although the clinical stage which must affect the outcome was not analyzed here. Further study with more clinical factors is necessary to find out more accurate prognostic indicators.
There was a discrepancy in histological grade between biopsy specimens and operated materials (resections). In 37.7% of the cases, the grade of the operated material was higher than that of the biopsy. Dahlin et al. explained that this was caused by the heterogeneity of chondrosarcoma. 18 Mirra et al. suspected that it was due to the coexistence of enchondroma and chondrosarcoma in the same lesion and that enchondroma progressed to chondrosarcoma. 11 Entrapment was reported as the most important pathological feature for invasiveness, 2,11 but only 26.1% of the biopsy specimen of pcCHS contained this feature. The result supports the requirement of the modalities other than the biopsy which can evaluate the lesion correctly before the operation. It is more critical when we need to differentiate G1 pcCHS from solitary enchondroma of the long bone, which is one of the most challenging diagnoses in the field of surgical pathology. Objective pathological criteria should be investigated in this differentiation.
In conclusion, we analyzed clinicopathological features of 174 pcCHS of long bones, limb girdles and trunk. Female and long bone preponderance for pcCHS were present in Japan, but the clinicopathological features, treatment and outcome were not substantially different from the previous results. The predictors for the DDS of pcCHS of long bones, limb girdles and trunk were age, grade, and calcification. In contrast to older age and higher grade, the presence of calcification was a predictor for favorable prognosis. Because the grade is often higher in the resected specimen than in biopsy and the biopsy specimen has limitations in diagnostic histological findings, comprehensive clinicopathological evaluation of pCHS is mandatory before the operation.
